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Motivation for Study

Can the geometrical thickness of the HCAL be reduced?

-> make B-field volume smaller
-> saves cost of magnet coil «BR,

Keep 4 ); thickness of HCAL
-> use a denser absorber than SS, ie., W
-> change to 2 X, sampling in HCAL (already proposal to double
the sampling in the last 10 ECAL layers to 1.4 X,)

2 Xo W ->0.7 cm/layer 1 X,SS ->2.0 cm/layer

1 cm Scintillator 1 cm Scintillator

4 \; requires 55 layers 4 \; requires 34 layers

->93.5 cm from HCAL IR to OR ->102 cm from HCAL IR to OR
.5 cm scintillator .5 cm scintillator

-> 66 cm from HCAL IR to OR -> 85 cm from HCAL IR to OR



SD Detector - a Particle-flow Detector for the LC

Tracking :
Multi-layer Si Vertex Detector
~1 cm -> ~7 cm radius

W(0.25 cm)/Si(0/04 cm) =

"'20 Xo, 08 }LI :

~5 mm X 5 mm cells
HCAL :

34 layers, ~1.45

55(2.0 cm)/Scin(1,0 cm)

~40 Xy, 4 A;

~lcm X 1cm cells
Solenoid Coil :

5 Tesla, ~2.50 m -> ~3.
Muon (Tail Catcher):

~340m ->~545m

m radius



Z jets in SS/W HCAL

— \’%WV

8D SS HC

N (2 Xo)

cintillator
4,

\ _‘ X 2em8S (1X,)
| %47 1 cmScintillator

AN

Different shower shape in W compared to SS?



Single 5 GeV Pion - E measurement with DHCAL
SS v,

Threshold CAL EMAnalog + HDIgltal ESum Threshold CAL EMAnalog + HDIgltal ESum

[Miveshold CAL EMAnalog + HOghal ESwn = [Miveshold CAL EMAnalog + HOghal ESwn
anies ; 1500.0 anies ; 2000.0

min 17918 £ min 17226
max : 1274 max : 1344

mean ; 45457 mean ; 50696

fm 12765 fm 12041

N3ausdan -+ I N3ausdan
ampliude : 179.75:5.995 AN ampliude :
mean ; 4431 2400202 1 mean ;
dgma - 052540 0222 Tt dgma -
il 204957 —~ il

258 73473
40502400007
0. 9850040 (165
20085

o ..

T T T T
12 13 L] 10 n 12 13 L] 1%

Energy measurement in calorimeter - Analog ECAL, Digital HCAL
-> 6/mean smaller in W HCAL
-> same behavior for analog HCAL, but smaller effect . ..




Single 5 GeV Pion - Number of hits (1/3 mip thresh)
SS

I Texd CHL Nhis tachad

[ Theachol itein HOAL

[Total CAL Khits livesheld
anres 2000.0
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More hits in W HCAL than in SS
-> 30% more hits in the HCAL for W
-> better digital resolution for W!




Single 5 GeV Pion - Linearity of hits vs E (HCAL)
SS vy,

Threshold HAD hits vs HAD ESum Threshold HAD hits vs HAD ESum

O000ooOao
oo OO0000one
noooOMNQ000 oD

gooooOros«s

(I

ok
l
ol
el
ok
l
ol
ll

3 & = 8 2 2 = &

vo 00000000 e s swns

odon 0o

..

=
}

=

o

Both exhibit linear behavior for number of hits vs energy
-> more hits per GeV in W




Single 5 GeV Pion - Visible Energy in HCAL

More visible energy in W HCAL



Single 5 GeV Pion - First Interaction Layer

SS vy,

GAL Interaction Layer {All Interactlons)

GAL Interaction Layer {All Interactlons)
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30 more layers

14 more layers

= = A A

¢ & W 1% 2 2% M I 40 45 Hgfrr G 6 W | 8¢ 85

60 cm into SS HCAL

42 cm into W HCAL



Single 5 GeV Pion - Shower Shape Analysis
SS

mean (GeV) c/mean mean (GeV) c/mean
2.07 79 . 1.92 /8
2.96 51 . 2.94 41
3.63 .38 . 3.59 31
4.08 31 . 401 .25
476 .25 . 4.64 23
4.85 .25 : 477 23
486 .25 . 479 .23
487 .25 4.80 .23

Energy in fixed cone size :
-> means ~same for SS/W
-> rms ~10% smaller in W

Tighter showers in W




Summary of Single Pion Results

Energy versus fixed cone size
-> means very similar for SS/W . . . however, the rms in the W HCAL
was ~10% smaller than the SS

CAL Energy Sums
-> for analog energy sum with 1/3 mip threshold in the HCAL,
sigma/mean is ~14% smaller in the W HCAL
-> for ECAL analog and HCAL digital - again, the sigma/mean was
smaller in the W HCAL
-> for HCAL only when the pions deposited only mips in the ECAL,
sigma/mean ~10% smaller in the W HCAL

CAL Number of Hits
-> fotal number of hits in the CAL, counting hits in ECAL and HCAL
with a 1/3 mip threshold in the HCAL was 108 in W, 94 in SS
-> in HCAL alone, 46 in W, 35 in SS (30% more in W)

1) Tighter showers -> better PFA performance?
2) More hits -> better digital resolution



or Track-First P-Flow

Charged particles ¥
~ 62% of jet energy

-> Tracker o/p; ~ 5 X 10-% p;

~190 MeV to 100 GeV jet

Wresolu‘rion

Photons

~ 25% of jet energy
-> ECAL o/E ~ 15-20%/~E
~900 MeV to energy resolution

Neutral Hadrons

~ 13% of jet energy
-> HCAL resolution not critical

\ 5

g,

Also, since ECAL is dense, hadrons are optimally separated from
photons (starting point of shower longitudinally)
-> 75% of hadrons shower after photon shower-max in ECAL



Track Extrapolation Particle-flow Algorithm

ANL, SLAC
15t step - Track extrapolation thru Cal

- substitute for Cal cells (mip + ECAL shower cone + HCAL cone :
reconstruct linked mip segments + iterated in E/p hits in cones)

- analog or digital techniques in HCAL

- Cal granularity/segmentation optimized for separation of
charged/neutral clusters

2rd step - Photon finder

- use analytic long./trans. energy profiles, ECAL shower max, efc.

39 step - Jet Algorithm

- tfracks + photons + remaining Cal cells in jet cones defined by
charged track jets (neutral hadron contribution)

- Cal clustering not needed -> Digital HCAL?



Shower reconstruction by track extrapolation

|\ |
X i
Mip reconstruction :
’ I Extrapolate track through CAL
: layer-by-layer
Search for "Interaction Layer'
-> Clean region for photons

(ECAL)

(]

Shower reconstruction :
Define cones for shower in ECAL,
HCAL after IL
Optimize, iterating cones in
E,HCAL separately (E/p test)

track

mips shower



e+e- -> Z (jets) - Energy Sums in Calorimeter

T [ Total GAL ESum, Hitvashald : [ Tord CAL ESum, Hehrashel

EMCAL ESum 1 [ BB CAL ESum
HAD GAL ESum, I-Ihramdc’ HAD CAL ESurn, Hrchok]

Telal CAL ESum, Hiheshold
Tatal CAL ESum, Hitrashold T ankies © 13350

Apirias 1880 . \
min ! 4198 T : 124.66
R 12458 : 85020
moaan 84583 T g 57369

ms ! 6224 il M CAL ESum A

1380
EMCALESY i 16014

apiras ! 1880 T ma 81935
Kin! 14808 mean 53318
T ! o6.002 T ma: 11484

maan: 54188 1 HAC CAL ESum, Hivedwld
ms ! 1470 ankle ; 13350

5065
HAD CAL ESum, Hirreshold -

1480 ; Hew
LHy T : 105M
#4188
M
10926

Total CAL energy sum tighter with W HCAL




e+e- -> Z (jets) - Number of hits in Calorimeter

SS W

Toua C-AL Nhiee thrachalg
Total Ntite in ECAL
[ Threchoid Kivein HEAL

Toral CAL Mhits thrashold
[ Toval Whis in ECAL
[ Trvasholdbits in HGAL

racheld hits in HGAL
anirias 1868.0

a8 =z =2 =2

B2

; |||‘|‘I ||‘ B

0 20 40 60 S0 1000 120 1400 1600 180 200 2 ¢ 20 400 a0 1000 1200 1400 1600 1800 2000 2200 2400 2600

~ 35% more hits in W HCAL than SS
-> better digital resolution



e+e- -> Z (jets) - First Interaction Layer

SS vy,

CAL Interaction Layer (All Interactions) CAL Interacton Layer (All Interactions)

antmes ! 13243
i ! [
max: 64000
mad | 15593
s 13348

14 more layers 30 more layers
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60 cm into SS HCAL 42 cm into W HCAL
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Analog CAL HadronEthr vs True HadronE

Analog CAL HadronEthr vs True HadronE

Both exhibit linear analog response




Dlgital CAL Hadron Nhitsthr vs True HadronE

Digital CAL Hadron Nhitsthr vs True HadronE

Both exhibit linear behavior for number of hits vs energy

-> more hits per GeV in W (same as for single pion)
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e+e- -> Z (jets) - PFA performance

r Total True E - Trua iracks+ Trua photong+ Trua nautralg Total Trua E - Trua tracke+Trua photong+Trua nautrale

Total E - Tragks + Parfagt 10 photon + Parfact 10 neutral th Total E - Tracks + Parfact 1D photon + Parfact ID neutral th
# Totd Egum - Tragks+photong+naural Esum B Total Esum - Tracks+photons+nautral Esum

ITetal Trua € - Trua trackss+ Trua photons+ Trua neurals Tetal Trua E - Trua tracke+ Trua photone+ Trus nautrale
apifias ! 14220 it : 12820
i ! 88,000 N ; 88008
T 934 may ; s
#0418 han 8940
s ! 622118 L B:2018

Total € - Tracks +Parfact 1D photon + Parfact [0 neuteal

e 12820
i B4.45)
Hax ; 1108
an 87562
s 24004

Total E - Tracks + Partact |0 phaton + Parfact 1D pautral the
Afas 18220
LB 6128
M G883
#6244
ms kYo%)

Tetal Exum - Tracksephotensenautral Exum el B i L )
it 12820

arfrias 14220 i 0181

:;:?2 A 1an
" 5&6 an 85827
’ 62042

g :
62181

: 183348, 224
1778840 262 82,2260 076
86.32410.083 oma - 2 BA28 00806

3024850.0680 : 18%

1.698 4

N

True PFA

Compare current PFA with true . .. Fit ->
-> W 2870/\/E
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PFA Development Status - True vs Current PFA

Teral E - Tracke + Parfact 10 phown + Parfact 10 nautial B

& Toral Bcum - Teackesphattnssnautral Esun Tr'ue PFA (no CO”fUSlon)

oAl E - Tracks + Parfact I0 phoion + Padec 10 neuial b

- . > 28%/E
a | 110.08
87562

34003

183.21:6 711
8772410076
2644 B+0. D67

s o Current PFA Status
I 35%/~E (conical showers)
Iila_ - | 70%/~E (needs work!)
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Summary
PFA Status

-> iterative conical shower algorithm approaching true PFA
performance goals (~50% of charged particle showers in CAL)

-> remaining showers need more sophisticated approach (shower
“tree” reconstruction using density-weighted or energy weighted
seeds)

HCAL Absorber Material

-> PFA performance not compromised with a shorter, denser HCAL
(in fact, improved!)

-> major cost savings if magnetic coil radius can be reduced

-> last 10 layers of ECAL will sample at 1.4 X,

-> using W for absorber with 2 X, sampling improves PFA
performance (more hits?) while reducing the coil radius

PFA Understanding
-> studies like this will help us to understand the dependence of
PFA performance on calorimeter parameters leading to an
optimized PFA and Calorimeter
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